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SUMMARY

To investigate the role of IgE-bearing Langerhans' cells (LC) from atopic dermatitis (AD) patients in
antigen presentation, IgE+LC and non-IgE bearing LC (IgE-LC) from AD patients were
investigated for their antigen-presenting capacity and compared to antigen-presenting cells (APC)
from peripheral blood. The T-cell response to Candida albicans, using IgE+LC from AD patients as
APC, was in the same range as with IgE-LC. Also, the T-cell response to Candida with autologous
APC from peripheral blood did not significantly differ between these groups. In contrast to this
finding, the T-cell response to house dust allergen (HDA) was dependent on the type ofAPC used. If
non-T cells from peripheral blood were used as APC, both AD patients and controls responded to
HDA. However, when LC were used as APC, a T-cell response to HDA was only observed in the
presence of IgE+ LC. IgE-LC from AD patients or LC from normal controls were unable to present
HDA. Preincubation of IgE+LC with anti-IgE or anti-kappa/lambda antibodies inhibited HDA-
induced T-cell proliferation, whereas the response to Candida was not affected. These in vitro results,
which demonstrate the necessity of cell-bound IgE on LC for the presentation of aero-allergens,
strongly correlate with the in vivo presence of a positive delayed patch reaction to the same antigens.
When the LC of a patient appeared to be IgE-, the in vitro proliferative response as well as, in most
cases, the in vivo patch test reaction to the same antigens was negative. In conclusion, these
experiments demonstrate that there are at least two different mechanisms by which LC capture
antigens for antigen presentation. In one ofthem cell-bound IgE, as can be demonstrated on LC from
AD patients, plays a crucial role. The binding and presentation of HDA by APC from peripheral
blood can take place independently of cell-bound IgE. Candida can be presented by both types of
APC in the absence of IgE

INTRODUCTION

Peripheral blood (PB) mononuclear cells from atopic patients
show a lympho-proliferative response when challenged in vitro
with environmental allergens such as house dust (Romagnani et
al., 1973; Yoo, Kuo & Heath, 1977), house dust mite (Romag-
nani et al., 1973; Elliston, Heise & Huntley, 1982; Black &
Marsh, 1980; Hiratami et al., 1981; Lanzavecchia et al.,1983;
O'Hehir et al., 1987; Rawle, Mitchell & Platts-Mills, 1984;
Cavaillon et al., 1988) and grass pollen (Buckley et al.,1977;
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PB, peripheral blood; PBS, phosphate-balanced saline.
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Geha et al., 1975; Matthews, Pan & Weisberg, 1977; Phillips et
al., 1987). In this respect no distinction can be made between
patients with allergic asthma, rhinitis or atopic dermatitis (AD)
(Black & Marsh 1980; Lanzavecchia et al., 1983; Rawle et al.,
1984). It has been shown that in atopics these circulating
sensitized T cells may act as helper cells for antibody production
by B cells (Lanzavecchia et al., 1983; Ricci et al., 1985; Ishizaka,
1984; Zimmerman et al., 1986). Whether these T cells play a role
in the pathogenesis of the allergic reaction mechanism and are
responsible for the symptomatology of atopic diseases like
asthma, rhinitis or AD is still obscure. In AD evidence is
accumulating that T lymphocytes may be involved in the
pathogenesis of the skin lesions; the dermal cellular infiltrate
consists of activated CD4+ T lymphocytes, with APC such as
Langerhans' cells (LC), interdigitating reticulum cells and
macrophages (Sillevis Smitt et al., 1986; Leung et al., 1983;
Zachary, Allen & MacDonald, 1985). Furthermore, patients
with AD may show eczematous patch test reactions to aero-
allergens, which are not present in normal controls. It was
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hypothesized that among others allergen-specific T cells are
involved in the reaction mechanism behind these allergic patch
test reactions (Bruijnzeel-Koomen et al., 1988b; Reitamo et al.,
1986). Since normal non-atopics also have allergen-specific T
cells in the circulation (Romagnani et al., 1973; Cavaillon et al.,
1988; Buckley et al., 1977; Matthews et al., 1977), the question
arises why normal non-atopics do not show delayed patch test
reactions to allergens. This may be due to differences in APC in
the skin between AD patients and normal controls. The most
important APC in the skin is the LC. A striking difference
between LC from normal and AD patients is that epidermal LC
from AD patients bear Fc receptor-bound IgE molecules
(Bruijnzeel-Koomen et al., 1986, 1988a), probably depending
on the stage of disease. The present study was initiated to
investigate the antigen-presenting function ofIgE+LC from AD
patients and to compare this with the antigen-presenting
function of IgE-LC and APC from PB. Therefore, lympocyte
proliferation tests to HDA and Candida were performed with
T cells from PB using either autologous epidermal LC or
autologous non-T cells from PB as APC. The results of this
study show that the presence of IgE molecules on epidermal LC
is necessary to present HDA to T cells.

MATERIALS AND METHODS

Reagents
Culture medium consisted of RPMI-1640 (Gibco, Grand
Island, NY, supplemented with 10% pooled human AB serum,
penicillin (100 IU/ml), streptomycin (100 U/ml), glutamine
(2 mM) and amphotericin (2-5 U/ml). FITC-conjugated OKT6
(anti-CD 1) antibody and OKM 1 antibody were obtained from
Ortho Pharmaceuticals (Raritan, NJ), TRITC-conjugated anti-
human IgE heavy chain (anti-IgE) from Nordic Immunological
Laboratories (Tilburg, The Netherlands), rabbit anti-human
kappa, lambda light chain (a-K/l) and rabbit anti-human
epsilon heavy chain (a-IgE) antibodies from Dako (Copen-
hagen, Denmark), and anti-human HLA-DR (a-HLA-DR)
antibodies from Becton-Dickinson (Mountain View, CA).
Trypsin was purchased from BDH Chemicals (Poole, Dorset,
U.K.), deoxyribonuclease-l (DNAse-l) from Boehringer
(Mannheim, FRG), Ficoll-Hypaque from Pharmacia (Upp-
sala, Sweden), 2-aminoethyl isothiouroniumbromide hydrobro-
mide (AET) from Sigma (St Louis, MO), bovine serum albumin
(BSA) from Janssen Pharmaceuticals (Goirle, The Nether-
lands), concanavalin A (Con A) and Candida albicans from
Precipital (Haarlem, The Netherlands) and house dust allergen
(HDA) from Haarlems Allergenen Laboratorium (HAL; Haar-
lem, The Netherlands). HDA was dialysed overnight in Hanks'
balanced salt solution before use; no mitogenic activity, as a
result of bacterial endotoxins (Berrens & Herings, 1984; Siraga-
nian et al., 1979) in concentrations up to 200 pg/ml, was found.

Patients and controls
All 20 AD patients and five normal controls selected for this
study gave their informed consent. Patients (both with IgE+LC
and IgE-LC) and controls were age and sex matched. The
diagnosis ofAD was made according the criteria of Hanifin and
Rajka (Hanifin & Rajka, 1980). TheAD patients were in clinical
remission, using topical emollients, but no corticosteroids. Skin
tests with HDA were performed by means of intracutaneous
administration at a concentration of 0-5% (w/v) and read after

20 min. Skin tests with HDA were also performed by means of
epicutaneous administration (patch test) at a concentration of
50% (w/v) as described before (Bruijnzeel-Koomen et al.,
1988b). In short, the upper part of the stratum corneum from
normal looking skin of the back is removed by tape stripping;
after this patch tests with the allergen are performed and the
reaction is read after 24 and 48 hr. The total serum IgE level was
measured using the paper-radioimmunosorbent test (PRIST;
Pharmacia) and allergen-specific serum IgE was measured using
the radio-allergosorbent test (RAST; Pharmacia). Total serum
IgE values were expressed as kU/I; the RAST as a percentage of
the total amount of added labelled anti-human IgE which was
bound to the allergen-coated disc. These values were corrected
for the blank binding of labelled anti-human IgE to the disc.

Langerhans' cell-enriched epidermal cell suspensions
Epidermal cell suspensions were prepared from shave biopsies
from clinically normal looking skin (dry or slightly lichenified)
from patients with AD or normal non-atopic controls. The skin
slices were incubated in phosphate-balanced saline (PBS)
containing 0 3% trypsin for 30 min at 37°. An epidermal cell
suspension was obtained by gently stroking epidermis and
dermis with a fine forceps. The epidermal cells were resuspended
in 2 ml 0 025% DNAse 1 in PBS for 2 min at 37°, followed by
repeated washing in RPMI-1640 supplemented with 10% fetal
calf serum. LC enrichment was obtained by centrifugation of
the epidermal cells over Ficoll-Hypaque gradient (30 min, 400 g
at room temperature). The LC-enriched epidermal cell suspen-
sion consisted of 2-5 x 106 cells, of which 3-30% were CDl +
cells. The viability ofthe LC-enriched epidermal cell suspension,
estimated by trypan blue exclusion, varied between 80% and
90%. No significant differences in cell number, purity or
viability were found in LC-enriched cell suspensions between
controls and both patient groups. To detect the presence of cell-
bound IgE the LC-enriched epidermal cell suspensions were
incubated with TRITC-conjugated anti-IgE antibodies (1:5,
30 min, at 37° in PBS with 1% BSA). In eight out of 20 patients
with AD, no IgE+LC were observed (all CDl + were lgE--), in
the other 12 at least 50% of the CDl + cells were also IgE+. The
absolute number of LC strongly hampered the variety and
number of experiments which could be performed with the cells
of one donor.

Preparation of T cells from peripheral blood
Heparinized PB from AD patients and normal controls was
diluted 1: 1 with RPMI-1640. The diluted blood was layered on
Ficoll-Hypaque and centrifuged (20 min, 1000 g, room temp-
erature). The cells at the interphase were counted, followed by a
T/non-T separation. For this purpose the mononuclear cells
were mixed with sheep red blood cells (SRBC), treated with
AET. After density centrifugation of Ficoll-Hypaque (20 min,
1000 g, room temperature) the T cell-SRBC rosettes were lysed
with ammonium chloride. The interphase contained the non-T
mononuclear cells (containing about 60% monocytes) (Mudde,
Van Dam & de Gast, 1986). This fraction was used as APC
from PB.

Lymphocyte proliferation test
The experiments were performed in 96-well round-bottomed
culture plates. LC-enriched epidermal cells were used as APC in
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numbers corresonding to 103 LC per well; higher numbers ofLC
did not improve the net responses to HDA or Candida, whereas
lower numbers were suboptimal. As control APC, 105 non-T
cells per well derived from PB were used. Autologous T cells
were used as responder cells (105 per well). Con A was used at a

concentration of2-5 jg/ml and left in the culture medium during
the complete period of stimulation. Preincubations (1 hr, room
temperature) with LC-enriched epidermal cells and non-T cells
were performed with HDA (50 ug/ml), Candida (50 yg/ml) or

RPMI. Subsequently the cells were washed in culture medium,
centrifuged (10 min, 200 g, room temperature) and co-cultured
with autologous T cells for 5 days at 37°. At the fifth day the cells
were pulsed with 1 yCi [3H]thymidine per well. After 8-18 hr, the
cells were harvested and [3H]thymidine incorporation was

measured with a liquid scintillation counter (Searle, Isocap/
300). Responses with a net result smaller than 3000 c.p.m. were

considered negative. The net response was calculated as the
mean c.p.m. of the stimulated wells (e.g. HDA) minus the mean
c.p.m. of the unstimulated wells (background). In the inhibition
studies an extra preincubation step (1 hr, room temperature),
with a-K/A (1/1000) or a-IgE (1/100), was introduced before
incubation of the APC with antigen. In experiment numbers 3
and 7, optimal inhibition with a-K/A antibodies was obtained
when the antibodies were used in a 1/100 dilution instead of 1/
1000. The studies with a-HLA-DR antibodieg-were not per-

formed as preincubation experiments but the a-HLA-DR
antibodies (1/200) were added to the wells immediately before
the T-cell suspensions. Addition of a-IgE or a-K/) antibodies
after preincubation with antigens did not influence the response

(data not shown). All experiments were performed in triplicate.
T-cell responses are expressed as mean+ SD. The percentage
inhibition was calculated as follows:

c.p.m. Exp. a - c.p.m. Exp. a + antibodies x 100
c.p.m. Exp. a

Statistical analysis
Statistical analysis was performed using the t-test for paired
observations, and the Wilcoxon test was used for non-para-
metric distributions. P<005 (t-test) and a<005 (Wilcoxon
test) values were considered significant.

RESULTS

Background stimulation of T lymphocytes

Non-T cells from peripheral blood (Fig. Ja). The results of
the background stimulation of T cells in the presence of
autologous non-T cells from PB, but in the absence of mitogens
or antigens, are shown in Fig. la. No significant difference was
present between AD patients and normals or between AD
patients with IgE+LC or with IgE-LC.

LC (Fig. ib). Figure lb shows that the background response

ofT cells in the presence of autologous LC from AD patients is
increased compared to normals (P<0 05). The difference
between IgE+LC and IgE-LC from AD patients was not
significant. The background response ofT cells was significantly
(P< 0 0025) inhibited, when a-HLA-DR antibodies were added
to the culture medium (data not shown).
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Figure 1. Background T-cell response. (a). Background T-cell response

expressed in c.p.m. in the presence ofnon-T cells from PB. There was no
significant difference between AD patients with IgE+LC (open squares;

Exp. nos 1-12) and IgE-LC (closed squares, Exp. nos 13-20) or between
AD patients (open and closed squares; Exp. nos 1-20) and normals
(triangles, Exp. nos 21-25). (b) Background T cell response (in c.p.m.) in
the presence of LC. The background in AD patients was significantly
increased compared to normals (a <005). There was no significant
difference between the background response in the presence of IgE+LC
(Exp. nos 1-12) compared to IgE-LC (Exp. nos 13-20). The back-
ground response in the presence of IgE+LC from AD patients was

significantly increased compared to the background T-cell response in
the presence of non-T cells of these patients (P<0 01). No significant
difference was present in the background T-cell response in the presence
of IgE -LC of AD patients or non-T cells of these patients. The
experiment numbers mentioned correspond with the experiment
numbers in Figs 2-6 and patient numbers in Table 1.

Lymphocyte proliferation to Candida

Non-T cells from peripheral blood (Fig. 2a). There was no

significant difference in the T-cell response to Candida presented
by non-T cells from AD patients (with IgE+LC or with
IgE- LC), or normal controls. The T-cell response to Candida in
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Figure 2. T-cell response to Candida. (a) T-cell response to Candida using
non-T cells as APC. The results are given as net c.p.m. (c.p.m. T-cell
response to Candida minus background c.p.m.). There was no signifi-
cant difference between AD patients with IgE+LC and IgE-LC.
(b) T-cell response to Candida using LC as APC. The results are given as

net c.p.m. (c.p.m. T-cell response to Candida minus background c.p.m.).
There was no significant difference between AD patients with IgE+LC
and AD patients with IgE-LC. Symbols as for Fig. 1.
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Figure 3. T-cell response to HDA. (a) T-cell response to HDA using non-
T cells as APC. The results are expressed as net c.p.m. (c.p.m. T-cell
response to HDA minus background c.p.m.). The T-cell response to
HDA in the presence of non-T cells from AD patients with IgE+LC
(Exp. nos 1-12) was significantly increased compared to AD patients
with IgE-LC (Exp. nos 13-20) (a<001). There was no significant
difference of the T-cell response to HDA between AD patients with
IgE- LC and normal controls. (b) T-cell response to HDA using LC as

APC. The results are expressed as net c.p.m. (c.p.m. T-cell response to
HDA minus background c.p.m.). There was a significant difference
between AD patients with IgE+LC and IgE-LC (a<0 005) and also
between IgE+LC and normal controls (a<0 005). There was no

significant difference between AD patients with IgE-LC and normal
controls. Symbols as for Fig. 1.

the presence ofIgE+LC as APC did not significantly differ from
the T-cell response in the presence of IgE-LC (Fig. 2b).
Keratinocytes could not present Candida in the absence of LC
(data not shown). There was no significant difference in the
T-cell response to Candida between non-T cells and LC as APC
in the same donor.

Lymphocyte proliferation to HDA

Non-T cells from peripheral blood (Fig. 3a). The results of
the T-cell response to HDA using non-T cells from PB as APC,
are given in Fig. 3a. T cells from AD patients with IgE+LC or

IgE-LC or from controls significantly responded to HDA using
non-T cells as APC (P<0 0005, P<0 0005, and P<0 05,
respectively). The T-cell response to HDA in the presence of
non-T cells from AD patients with IgE+LC was significantly
increased compared to AD patients with IgE-LC (a<0.01).
There was no significant difference between AD patients with
IgE-LC and controls.

LC (Fig. 3b). The results of the T-cell responses to HDA,
using epidermal LC as APC, are given in Fig. 3b. IgE-LC from
normal controls or AD patients could not induce a significant
T-cell response to HDA. A significant T-cell response to HDA
was only observed when IgE +LC fromAD patients were used as

APC (P<0.0025). The magnitude of the net T-cell response
induced by IgE+LC was not significantly different from the one
induced by non-T cells of the same donor (Fig. 3a). HDA (at a

concentration up to 200 pg/mI) did not induce a T-cell response
in the absence ofnon-T cells or IgE+LC. No antigen-presenting
capacity of purified keratinocytes, from AD patients with IgE+
LC or IgE- LC, in the absence of LC was detected.

Figure 4. Effect of a-IgE, a-K/A and a-HLA-DR on net HDA response.

The effect of preincubation with a-IgE, a-K/A and a-HLA-DR anti-
bodies on the T-cell response to HDA presented by IgE+LC or non-T
cells is shown as a percentage of the normal HDA response set at 100%
(open bars). Preincubation with a-IgE (crossed bar), a-K/A (striped bar)
and a-HLA-DR (closed bar) inhibited the response to HDA presented
by IgE+LC significantly (P< 0-0125, P. 0-0125 and P. 0-025, respect-
ively). The response to HDA presented by non-T cells was not
significantly influenced by a-IgE, but a-K/A had a slightly stimulating
effect on the response (p< 005). Anti-HLA-DR inhibited the HDA
response induced by non-T cells (P<0 0005).
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Figure 5. Effect of a-IgE, a-K/A and a-HLA-DR on the background
response. The effects of preincubation with a-IgE (crossed bar), a-K/A
(striped bar) and a-HLA-DR antibodies (closed bar) on the background
T-cell response to IgE+LC or non-T cells are shown as cp.m. +SD
together with the normal background response (open bar). Both a-IgE
and a-K/A had a stimulatory effect on the background to IgE+LC
(P<0-0125 and P<0 001, respectively), these two antibodies did not
have a significant effect on the background to non-T cells. Preincubation
with a-HLA-DR inhibited the background responses to both non-T
cells (P< 0-0025) and IgE +LC (P< 0 025).

Effect of a-IgE on the response to HDA

Non-T cells from peripheral blood. When non-T cells from
patients with IgE+LC were used as APC (Fig. 4), in three (Exp.
nos 3, 4, 12) out of six patients the net HDA response was

inhibited by preincubation with a-IgE, whereas in two (Exp. nos

8 and 1 1) patients a-IgE increased the response to HDA (data
not shown). The overall response was not significantly inhibited
or enhanced by a-IgE (Fig. 4) and no significant effect on the
background response was observed (Fig. 5).

LC. T-cell proliferation to HDA-using LC as APC-was
significantly inhibited by a-IgE (P<0-0125) (Fig. 4). There was
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Figure 6. Effect of a-IgE and a-K/A on Candida response. The effect of
preincubation with a-IgE (crossed bar), and a-K/A antibodies (striped
bar) on the T-cell response to Candida, presented by IgE + LC is shown as
a percentage of the normal Candida response (open bar) set at 100%.
Only the HDA response is significantly influenced by preincubation
with the antibodies (P<0 0125).

a minimum inhibition of 42% (Exp. no. 8); the mean of the
inhibitory effects was 64% + 9. The background T-cell response
increased significantly (P< 0 025) when a-IgE was added in the
absence of antigen (Fig. 5). The mean background increase
amounted to 56% + 21.

Table 1. Relation between in vivo patch tests and in vitro stimulation with
HDA of patients with AD

Patient IgE PRIST RAST HDA IC PT LPT LPT
no. on LC kU/L % 20 min 24-48 hr non-T LC

1 + 12,000 ND + ND + -
2 + 21,000 23 + +- + +
3 + 16,000 26 + + + + +
4 + 11,000 17 + + + + +
5 + 2550 11 + + + + -
6 + 6800 12 + -- + -
7 + 3600 9 + + + + +
8 + 9250 19 + ND + +
9 + 15,000 26 + + + + +
10 + 860 6 + ++ + +
11 + 5300 9 + ++ + +
12 + 12,750 21 + + + + +
13 - 1200 5 + -- + -
14 - 2100 10 + ND + -

15 - 875 8 + + + + -
16 - 1100 8 - -- + -

17 - 3700 11 + ND + -

18 - 2900 12 + -- - -
19 - 800 6 + ++ + -
20 - 16 0

The patient numbers correspond with the experiment numbers in
Figs 1-6

ND, not done; IC, intracutaneous test with HDA read after 20 min;
PT, patch test with HDA read after 24 and 48 hr; LPT non-T, lympho-
proliferation test in the presence of non-T from peripheral blood as
APC; LPT-LC, lympho-proliferation test in the presence ofLC as APC.
The LPT-non-T and LPT-LC were considered negative when the net
c.p.m. of the LPT was lower than 3000 c.p.m. (see Fig. 3a, b).

Effect of a-K/l on the response to HDA

Non-T cells from peripheral blood. When non-T cells were
used as APC, in four (Exp. nos 4, 7, 8, 1 1) out of six patients a
(small) stimulatory effect on the HDA response was observed,
when a-K/A was added (data not shown). The mean stimulation
(12% + 10) was significant (P<0 05) (Fig. 4). Like a-IgE, a-K/i
did not affect the background HDA response to unstimulated
non-T cells (Fig. 5).

LC. When LC were used as APC, the T-cell response to
HDA could be significantly (P<0-0125) inhibited by a-K/l
(Fig. 4).In all six patients the proliferation to HDA was
inhibited. The mean inhibition of the HDA response was
(59% ± 10). In these experiments, like in the a-IgE inhibition
experiments, the mean background increased significantly
(P<0-001) when a-K/l was added (Fig. 5). The mean increase
was 51%+ 12.

Effect of a-HLA-DR on the response to HDA

Non-T cells from peripheral blood. When non-T cells were
used as APC, a-HLA-DR inhibited the lymphocyte response to
HDA (Fig. 4) as well as the RPMI background (Fig. 5)
significantly (respectively P< 0 0005 and P< 0 0025). The mean
inhibitions amounted to 71% + 10 and 68% + 5, respectively.

LC. When LC were used as APC, the lymphocyte response
to HDA (Fig. 4) and the background responses (Fig. 5) were
also decreased significantly (both P<0-025). The inhibitions
were 61% + 7 and 62% + 17, respectively.

Effect of a-IgE and a-Kl/A on the response to Candida

In three patients (Exp. nos 4, 7, 12) the a-IgE- and a-K/i-induced
inhibition of the lymphocyte response to HDA and Candida
were compared in the presence of LC as APC. The results are
shown in Fig. 6. There was no significant inhibition of the T-cell
proliferation induced by Candida. The T-cell response to HDA
was significantly inhibited.

Relation between in vitro and in vivo findings with HDA

The results concerning the total serum IgE level, the specific
serum IgE level for HDA, the intracutaneous and epicutaneous
tests with HDA and the lympho-proliferative tests with HDA
are given in Table 1. The total serum IgE level in AD patients
with IgE+LC was 9659+1762 kU/l (mean+SEM). All AD
patients with IgE+LC had elevated serum IgE levels, a positive
RAST for HDA and immediate type skin reactions to this
allergen. In nine out of 12 patients with IgE+LC, positive
lympho-proliferative responses in the presence ofLC (LPT-LC)
to HDA were present. In all AD patients with a positive LPT-
LC to HDA, delayed patch test reactions to HDA could be
observed. On the other hand two patients with IgE-LC showed
a positive delayed patch test reaction. The serum IgE level in AD
patients with IgE-LC was significantly lower: 1586+432 kU/I
(mean+ SEM) (P< 0 0005). Seven out ofeight AD patients with
IgE-LC showed a positive RAST and six showed immediate
type skin reactions to HDA. The LPT-LC was negative in all
patients with IgE-LC. Patch test reactions to HDA were
present in two out of six tested patients with IgE-LC (patient
numbers 15 and 19), in contrast to nine out of 10 tested patients
with IgE+LC.
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DISCUSSION

In this study we present results from antigen-specific T-cell
stimulations, using APC from PB and skin. The number of LC
obtained after each isolation was, as expected, dependent on the
size of the shave biopsy, and greatly influenced the variety and
number ofincubations that could be performed with the cells of
one skin donor. In spite of this difficulty we were able to
compare the antigen-presenting function of APC from PB and
skin from AD patients and normal controls.

We demonstrate here that there is a difference in antigen
presenting capacity of LC showing cell-bound IgE (AD
patients) and LC without IgE (normal controls). AD patients
without IgE+LC reacted like normal controls. The presence of
IgE on LC correlates with the clinical activity of the disease
(Bruijnzeel-Koomen et al., 1986). LC from AD patients in
clinical remission may become IgE -. In contrast to other reports
(Kapp et al., 1987; McGeady & Buckley, 1975), the responses of
T cells fromAD patients in the presence ofAPC from PB were of
the same magnitude as the T-cell responses from normal donors.
In our study T cells of all groups responded to HDA, Candida
and Con A (data not shown) presented by non-T cells. Patients
with IgE+LC showed a stronger proliferative response to HDA
in the presence of non-T cells than patients with IgE-LC and
normal controls (P<0-01). This may be due to the activation
state and/or a higher frequency of HDA-specific T cells in blood
from patients with IgE+LC. However, we did not find differ-
ences in the magnitude of the T-cell responses when within the
same patient (with IgE+LC) the antigen was presented by LC or
non-T cells. Therefore, neither the frequency nor the activation
state of the T-cell population can account for the non-
responsiveness of T cells to antigen presented by IgE-LC. The
proliferative response of T cells from normal controls to HDA
(presented by non-T cells), however, confirms that non-atopics
may also have been sensitized to HDA in vivo (Romagnani et al.,
1973; Yoo et al., 1977). This has also been reported for house
dust mite (Cavaillon et al., 1988) and pollen allergen (Buckley et
al., 1977); Matthews et al., 1977). The difference between AD
patients and normal controls was found to be the capacity ofLC
to present aeroallergens in vitro. In the presence ofepidermal LC
as APC, we found that only T cells from AD patients with
IgE+LC proliferated to HDA. Patients with IgE-LC on a
certain occasion and with IgE +LC a month later would respond
likewise (data not shown). This indicates that the presentation
ofHDA by LC is dependent on the presence of cell-bound IgE.
Cell-bound IgE is not just a marker for in vivo-activated LC.
This was demonstrated by the inhibition studies with a-IgE and
a-K/l antibodies. T-cell proliferation induced by IgE+LC was
selectively inhibited for HDA but not for Candida. Further-
more, the Candida response induced with IgE+LC or IgE-LC
was not different, and the background response in the presence
ofboth IgE+LC and IgE-LC was increased compared to that of
LC from normal controls. We hypothesize that this increased
background response, which can be completely blocked by a-
HLA-DR antibodies, is most likely due to the presence of
antigens on these LC as a result from in vivo stimulation.
However, the increased background responses do not influence
the capacity to respond to HDA or Candida. Since it was found
that the net Candida response is not inhibited by the preincuba-
tion with a-IgE or a-K/. antibodies, inhibition of the HDA
response by these antibodies cannot be explained by negative

signals via the FcR and steric hindrance. In fact, in several
patients, preincubation with a-IgE or a-K/! was found to
stimulate T-cell proliferation. The stimulatory effect of the
antibody preincubations seems to be contradictory to the
inhibition of the LC-mediated T-cell response to HDA. How-
ever, this is not the case: only responses which may be mediated
by IgE are inhibited (HDA/LC), whereas IgE-independent
responses such as the background/LC and Candida/LC (net
response Candida/LC not influenced) as well as HDA/non-T
may be increased. In the case of non-T cell-mediated T-cell
responses to HDA, there appears to be a competition between
inhibition with a-IgE (three out of six cases) and stimulation
with a-IgE (two out of six) cases. The same holds for a-K/),
which inhibits in two and stimulates in four out of six cases.
These results indicate that even non-T cells from peripheral
blood may use cell-bound IgE for antigen uptake. However, this
also implies that, at least in part, these cells should possess cell-
bound IgE. Indeed we found that a substantial proportion ofPB
non-T cells from AD patients, with IgE+LC, bear IgE on their
surface. In double-labelling experiments all these IgE+ cells
appeared to be CDI1 positive, which indicates that in AD
patients with elevated serum IgE levels, IgE+ monocytes exist.
This confirms recent results from Ferreri, Zeiger & Spiegelberg
(1988) who found IgE on monocytes from patients with AD.

At least two explanations may be given for the inhibition of
the HDA response by a-IgE and a-K!) antibodies. Firstly, the
antibodies may change the conformation of the antigen-binding
site of the IgE molecules on the surface of the LC, resulting in a
lower binding efficiency of HDA. Secondly, a-IgE and a-K/)
may cause receptor-mediated endocytosis (RME), removing the
IgE molecules from the LC membrane, and thereby preventing
HDA binding. In both models, the IgE molecules serve as
antigen receptors, very much as was suggested for antigen-
specific B cells (Lanzavecchia, 1985). Like IgE+LC these B cells
are very potent and efficient APC.

In conclusion, the in vitro observations presented here may
offer an explanation for the reaction mechanism behind the
delayed patch test reactions to HDA (and other aero-allergens)
in AD patients. The dependence of this T-cell response on LC-
bound IgE emphasizes the important or even crucial role of
LC-bound IgE and elucidates why the delayed patch test
reactions to aero-allergens are specific for patients with AD.
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